Introduction
Mitochondria are dynamic organelles that play critical roles in energy production, apoptosis, and intracellular signaling (Finkel and Holbrook, 2000; Wallace, 2005; Ryan and Hoogenraad, 2007) . Mammalian tissues vary widely in mitochondrial number and bioenergetic capacity, and these parameters adapt in response to various physiological conditions, such as diet, exercise, temperature and hormones (Scarpulla, 2002) . Mitochondria serve many metabolic roles, including ATP production, fatty acid oxidation, metabolism of acetyl-CoA by the tricarboxylic acid cycle, maintenance of intracellular calcium levels and biosynthesis of various molecules. Proper mitochondrial function is crucial for maintenance of homeostasis and engagement of appropriate stress responses both at the level of the cell and the entire organism. Not surprisingly, changes in mitochondrial number and activity are implicated in aging and age-related diseases, including diabetes, neurodegenerative diseases and cancer (Wallace, 2005) .
Although mitochondria contain their own genome encoding 13 subunits involved in electron transport, the vast majority of the estimated 1000-1500 mitochondrial proteins are nuclear encoded (Johnson et al., 2007; Pagliarini et al., 2008) . Mitochondrial biogenesis requires a sophisticated transcriptional program capable of responding to the energetic demands of the cell by coordinating expression of both nuclear and mitochondrial encoded genes (Scarpulla, 2002) . Defects in regulation of mitochondrial biogenesis and gene expression leads to damaging consequences for the ability of the organism to cope with basal energetic demands or physiological stressors.
Mitochondria generate ATP through a process of oxidative phosphorylation (OXPHOS). As high-energy electrons derived from metabolic fuels are passed through a series of protein complexes (I-IV) embedded in the inner-mitochondrial membrane, their energy is used to pump protons from the mitochondrial matrix through the inner membrane into the inter-membrane space, generating a proton gradient known as the mitochondrial membrane potential (Dc m ) (Fig. 1) . Ultimately, the electrons reduce oxygen to form water, and the protons flow down their gradient through ATP synthase, driving the formation of ATP from ADP. Alternatively, protons can flow through uncoupling proteins, dissipating their potential energy as heat. Reactive oxygen species (ROS), formed when electrons inappropriately combine with O 2 to form the highly reactive superoxide radical, are an inevitable Mitochondria are dynamic organelles that integrate environmental signals to regulate energy production, apoptosis and Ca 2+ homeostasis. Not surprisingly, mitochondrial dysfunction is associated with aging and the pathologies observed in age-related diseases. The vast majority of mitochondrial proteins are encoded in the nuclear genome, and so communication between the nucleus and mitochondria is essential for maintenance of appropriate mitochondrial function. Several proteins have emerged as major regulators of mitochondrial gene expression, capable of increasing transcription of mitochondrial genes in response to the physiological demands of the cell. In this review, we will focus on PGC-1a, SIRT1, AMPK and mTOR and discuss how these proteins regulate mitochondrial function and their potential involvement in aging, calorie restriction and age-related disease. We will also discuss the pathways through which mitochondria signal to the nucleus. Although such retrograde signaling is not well studied in mammals, there is growing evidence to suggest that it may be an important area for future aging research. Greater understanding of the mechanisms by which mitochondria and the nucleus communicate will facilitate efforts to slow or reverse the mitochondrial dysfunction that occurs during aging.
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